INTRODUCTION {#sec1-1}
============

The survival and success of dental implants have been found to be influenced by various factors. Some factors influence osseointegration whereas some influence the long-term survival. The factors such as bone quality and quantity, primary stability of implant, implant surface characteristics are few of the factors, which influence osseointegration of the implant.\[[@ref1]\] However, the long-term success of implants is determined by factors such as the bone quality, type of prosthesis, occlusal loading, oral hygiene, overlying soft tissue, and regularity of recall visits.\[[@ref2][@ref3][@ref4][@ref5][@ref6][@ref7]\]

The stability of the marginal bone levels has long been used as a determining factor while describing the survival and success of dental implants.\[[@ref8]\] Bone loss of 0.5--1 mm in the 1^st^ year postrestoration was considered as physiological and was attributed to the bone remodeling that happens after implant placement surgery, placement of restoration, and initial occlusal loading of the restoration along with the implant design and surface.\[[@ref9]\]

The role of the peri-implant mucosa as one of the factors determining the stability of marginal bone levels has received little attention as compared to various other factors that have been studied. Cochran *et al*.\[[@ref10]\] stated a need of 3 mm of peri-implant mucosa for a stable epithelial, connective tissue attachment. Lindhe *et al*.\[[@ref11]\] stated that the biologic width around implants serves as a protective mechanism for the underlying bone. Hermann *et al*.\[[@ref12]\] evaluated the formation of biologic width around dental implants and concluded that excision of overlying soft tissue leads to a compensatory bone resorption meaning that the amount of soft tissue thickness has to be re-established irrespective of sacrificing the bone levels. Most of the studies assessing the impact of the soft tissue on the marginal bone levels have evaluated the width of the attached mucosa, measured as the distance from the free mucosal margin to the muco-gingival junction.\[[@ref13][@ref14]\] However, the change in soft tissue thickness, which describes the bulk of the tissues as measured from the surface of the mucosa to the body of the implant/abutment has not been evaluated and so has been its effect on the marginal bone levels around implants. This study was thus conducted to evaluate the change in soft tissue thickness around the dental implants and co-relate the same with the marginal bone levels over a 1-year postrestorative period.

MATERIALS AND METHODS {#sec1-2}
=====================

The study was conducted in the Department of Oral Implantology and Periodontics after getting the approval from the Institutional Review Board. Patient inclusion criteria were: Patients willing to participate in the study and give a written informed consent, patients requiring placement of implants for replacement of missing teeth, nonsmokers, patients with good general health, patients' not on any medications that would influence the gingival status. All the patients to have a well-healed partially edentulous site and a healthy overlying mucosa. Each site had to be single missing tooth site bound by natural teeth. The sample size was determined by setting the alpha value at 0.05. The single implant was treated as the statistical unit. Before the study onset, each variable was assessed to evaluate if the parameters were normally distributed and parametric statistical tests could be applied. As the variables appeared to be normally distributed, frequencies were calculated, and thus the sample size was determined.

A total of 22 patients (10 males and 12 females) were enrolled in this study and received a total of 36 implants.

All the implants were placed by the same operator (SK) and were in the range of 3.75--4.2 mm diameter. The implants were placed with a conventional protocol, that is, submerged placement at the marginal level in well-healed sites at a minimum of 3 months after extraction. The second stage procedure was done at 3 months after implant placement and 15 days later the final impressions were made. All the abutments had a finish line set at 1.5 mm from the implant mouth. The final restorations were cemented on an average 10--15 days after the final impressions.

The following parameters were evaluated: (1) Mucosal thickness, (2) radiographic bone level. These parameters were evaluated by a single examiner who was trained to measure the mucosal thickness and the radiographic bone levels.

Measurement of the mucosal thickness {#sec2-1}
------------------------------------

At the implant site, local anesthetic was administered after which the tissue thickness was measured using an endodontic reamer (size 20-yellow) with a stopper \[[Figure 1](#F1){ref-type="fig"}\]. The thickness of the tissues was determined by the depth of penetration of the reamer from the external surface of the mucosa to the point where bony resistance could be felt. The stopper was then adjusted, and the depth of penetration/thickness was measured in millimeters on a geometric scale/ruler.

![The measurement of soft tissue thickness](JISP-19-640-g001){#F1}

The measurements were done at three points on the crest of the edentulous ridge namely mesial, mid and distal, and on the buccal surface of the ridge at a point 3 mm apical the crestal measurements and 1 mm coronal to the muco-gingival junction. This point was kept as a standard throughout the study.

Sites with a mucosal thickness of 2.0 mm or more at the baseline, that is, at implant placement were categorized as a thick biotype case group and those \<2.0 mm were categorized as the thin biotype case group.\[[@ref15]\] All the measurements were repeated at the second stage, at the insertion of the prosthesis, at 6-month and 1-year recall visits. After the second stage, the only the buccal measurements were recorded.

The marginal bone changes were recorded on serial radiographs using the neck height and thread pitch of the implants \[Figures [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}\] and probing pocket depth (in mm) was also evaluated.\[[@ref16]\]

![Radiographic evaluation of bone levels at baseline soon after implant placement](JISP-19-640-g002){#F2}

![Radiographic evaluation of bone levels at cementation](JISP-19-640-g003){#F3}

Statistical analysis {#sec2-2}
--------------------

The evaluation of soft tissue changes between the thick and the thin biotypes was done at various time intervals and their correlation with the crestal bone changes was done with the Student\'s paired *t*-test.

RESULTS {#sec1-3}
=======

Twenty of the 22 patients completed the follow-up visits, 2 patients (1 male and 1 female) dropped out of the study, and a total of 33 implants were available for analysis. Of the 33 implants sites, 16 sites were classified as thick biotype, and the remaining 17 were sites and were thin biotype cases. Each implant was considered as 1 unit.

Clinical parameters {#sec2-3}
-------------------

The mean mucosal thickness at baseline around the sites classified as thick biotype was 2.20 mm ± 0.26 mm and around the thin biotype, it was 1.09 mm ± 0.26 mm, it reduced to 1.88 mm ± 0.23 mm in the thick biotype and 0.88 ± 0.22 in the thin biotype cases at second stage and 1.52 ± 0.22 and 0.67 ± 0.18 in the thick and the thin biotypes, respectively, at cementation. The reduction was more pronounced in the thin biotype as compared to the thick.

Soft tissue rebound was detected at 6 and 12 months postcementation in both the biotypes. At 6 months and 12 months postrestoration the soft tissue thickness was 2.44 mm ± 0.17 mm and 3.22 mm ± 0.22 mm in the thick biotype, respectively, and in the same time duration the respective soft tissue thickness was 1.13 ± 0.17 and 1.59 ± 0.22 in the thin biotype, respectively, indicating an increase in the soft tissue thickness with respect to the baseline values \[[Table 1](#T1){ref-type="table"}\].

###### 

Correlation of soft tissue changes and marginal bone changes in thick and thin biotypes at different time intervals

![](JISP-19-640-g004)

When a comparison was made to evaluate the soft tissue thickness on the mesial and distal sides in thick and thin biotypes, a statistically significant difference was observed \[Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}\].

###### 

Correlation of soft tissue changes and marginal bone changes in mesial and distal sides of thick biotype at different time intervals

![](JISP-19-640-g005)

###### 

Correlation of soft tissue changes and marginal bone changes in mesial and distal sides of thin biotype at different time intervals

![](JISP-19-640-g006)

Radiographic parameters {#sec2-4}
-----------------------

There was a significant difference in the bone levels in both the groups. At the end of 1-year, a mean bone loss of 0.61 mm ± 0.36 mm was noted in the thick group and 1.70 mm ± 0.36 mm mean bone loss was noted in the thin group \[[Table 1](#T1){ref-type="table"}\]. The evaluation of vertical bone loss on the mesial and distal sides of the thick and the thin biotypes also revealed a statistically significant reduction from baseline to cementation.

The probing pocket depths showed statistically significant difference in both the groups at cementation to 6 months (*P* = 0.01) and 12 months (*P* = 0.02) postcementation. However, there was no statistically significant difference found in the probing pocket depth between 6 months to 12 months postcementation \[[Table 4](#T4){ref-type="table"}\].

###### 

Comparison of probing pocket depth at different time intervals in the thick and the thin biotypes

![](JISP-19-640-g007)

DISCUSSION {#sec1-4}
==========

The soft tissue in an edentulous site undergoes multiple surgical assaults, from the time of implant placement till restorations has been fitted. The current study was conducted to evaluate progressively the change in the soft tissue thickness from implant placement to 1-year postrestorative and also to evaluate its effect on the marginal bone levels.

The mucosal thickness was measured using, and endodontic reamer with a stopper and the depth was measured till the point the reamer made the first contact with the bone surface and for the same the intra examiner error (kappa value was set at κ \>0.6) thus reproducibility of the measurements through the study was ensured.\[[@ref17]\]

A value of 2 mm of soft tissue thickness at the time of implant placement was used as the benchmark to group the patients into thick and thin biotype cases.\[[@ref15]\] In a study was done by Sharma *et al*.\[[@ref18]\] on the population similar to the one used in the study had a soft tissue thickness around natural teeth ranged from 0.56 mm to 1.02 mm. As the edentulous ridges were evaluated in the study, mucosal thickness measured was thicker than around natural teeth.

A reduction in the tissue in both the thick and thin biotype patients from the time of implant placement to restoration stage and from the second stage to restoration was observed and a subsequent increase in the thickness was observed after the placement of the final restorations. The reduction in thickness till cementation and the concomitant increase later is attributable to the surgical intervention at implant placement as well at implant uncovering at second stage\[[@ref19]\] and to the formation and organization of the supramarginal connective tissue, morphology of the peri-implant mucosa, and establishment of the biologic width around the implants, respectively.\[[@ref20][@ref21]\]

The thicker biotype cases showed a lesser reduction in thickness from placement to restoration and higher rebound from restoration to the 1-year follow-up, as compared to the thin biotype cases. This is due to the higher amount of the connective tissue and vascularity in thicker as compared to the thin biotype tissues, and thus the ability of these tissues to re-organize is better than thinner tissues.\[[@ref21]\]

This study also evaluated the effect of tissue thickness change on the marginal bone levels as the stability of the marginal bone levels has been used as a benchmark for implant success. The bone levels were measured on serial radiographs taken throughout the course of study, where the measurements were carried out from the implant shoulder to the first thread exposed. Bone loss was observed in both the thick and the thin biotype cases, over the duration of the study. This bone loss happening around the implants can be divided into two parts, the first being the one occurring from the time of implant placement to time of restoration and second one from the time of restoration to the end of the follow-up period.

The bone loss from the baseline to the period of first 6 months of implant placement can be attributed to the surgical trauma and bone remodeling that happens soon after the implant placement.\[[@ref19][@ref22]\] The bone loss that was observed from 6 months to 12 months postcementation, can be attributed to various factors such as stress at the marginal bone which may cause micro-fracture or overload, or even the biomechanical adaptation of the bone to the occlusal load resulting in marginal bone loss in the 1^st^ year in function.\[[@ref23][@ref24]\]

The amount of bone loss was more in thin biotype cases as compared to thick. The difference between the two biotypes can be attributed to the fact that the thick tissues formed the biologic width by proliferating laterally or coronally, which is unlike to that observed in thin biotype cases wherein the bone around the implants underwent remodeling to accommodate the soft tissue biologic width.

The present study was carried out only for a period of 1-year, and it can be hoped that marginal bone levels would stabilize at the end of 1-year post cementation and achieve a "steady-state phenomenon."\[[@ref13][@ref22]\] However, it should be kept in mind that ongoing marginal bone loss is a factor affecting the outcome of implant treatment.

The peri-implant sulcus forms after the second stage procedure and is due to the formation and stabilization and organization and maturation of the connective tissue fibers of the overlying soft tissue, and depending on the nature of the overlying soft tissue, resorption of the bone at the crest may occur to accommodate the biologic width around the implants.\[[@ref10]\] Though the probing depth around dental implants is influenced by various factors such as probing force and angulation, probe tip diameter, roughness of the implant type of abutment/restoration, inflammatory state of the periodontium and firmness of the marginal tissues, and access to probing,\[[@ref16]\] deeper probing depth often indicate bone loss. An increase in the probing pocket depth in both the biotypes from the time of restoration to 1-year was observed in the study. This can also be related to the bone loss occurring to re-establish the biologic width, coronal movement of the marginal tissue due to an increase in the thickness or a combination of both.\[[@ref12]\] In the present study, the probing pocket depth roughly co-related to the combined values of the mucosal thickness and bone loss in both the thick and thin biotype cases (thick biotype probing pocket depth of 3.39 mm ± 0.59 mm = soft tissue thickness of 3.22 mm ± 0.22 mm, + bone loss of 0.61 mm ± 0.36 mm, Thin biotype probing pocket depth of 3.38 ± 0.56 = soft tissue thickness of 1.59 mm ± 0.22 mm and bone loss of 1.70 mm ± 0.36 mm).

CONCLUSION {#sec1-5}
==========

Thus, it can be concluded that the soft tissue undergoes a change in its thickness from implant placement to restoration and till 1-year postrestoration. The changes are more pronounced in thin biotype cases as compared to the thick biotype ones, and these changes also influence the marginal bone levels around the implants.
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